Introduction
============

Self-reactive lymphocytes can be dangerous to the body when they attack themselves and cause autoimmune diseases under certain conditions. Hence, the immune system has evolved several mechanisms to prevent this from occurring. The most well-documented mechanisms are the so-called clonal deletion in the thymus, anergy and ignorance. There is evidence that self-reactive T cells are dominantly suppressed by newly identified T-cell subpopulations called regulatory T cells (Treg), which play important roles in the maintenance of immune homeostasis and the control of adaptive immune response.^[@B1]^ Among the reg cells, naturally occurring CD4^+^ and CD25^+^ regulatory T cells (nTregs) have been best characterized. Many subsets of Treg cells have been described that can suppress T cell response via different mechanisms. Recent studies showed that CD69^+^, CD4^+^CD25^--^ T cells are a new subset of CD4^+^ Treg cells.^[@B2]^ Naturally occurring Tregs have been the object of this study, because their function appears critical in maintaining self-tolerance and preventing autoimmune disease. This is illustrated by the finding that their removal leads to spontaneous development of autoimmune disease, such as autoimmune gastritis, thyroiditis, and diabetes type one and their reconstitution prevents such diseases.^[@B3]-[@B5]^

Rheumatic heart disease (RHD) is the most common cardiovascular disease affecting children and young adults in the world. It is considered a major public health problem causing about 400,000 deaths annually worldwide, especially in developing countries. Molecular mimicry between heart tissue proteins and streptococcal antigens such as the M protein has shown that this protein, which is the major component of the streptococcal cell surface and the most important virulence factor, may act as the triggering factor leading to autoimmunity in RHD patients.^[@B6]-[@B8]^

M-protein, with more than 80 serotypes being identified, is one of the best-defined determinants of bacterial virulence. The streptococcal M-protein extends from the surface of the streptococcal cells as an alpha--helical coiled coil dimmer, which appears as fibrils on the surface of group A streptococci, and shares structural homology with cardiac myosin and other alpha-helical coiled coil molecules, such as tropomyosin, keratin and laminin. It has been suggested that this homology is responsible for the pathological findings in acute rheumatic myocarditis.^[@B9]^ Therefore, the present study was designed to determine the role of M protein extracted from streptococcus in CD4^+^CD25^+^ regulatory T cells (nTregs) and CD4^+^ T cell activations.

Materials and methods
=====================

Seven blood samples were obtained from patients with chronic rheumatic heart disease, who were candidates for cardiac surgery in Ibn Al-Bitar Hospital Baghdad, Iraq. The samples were used for lymphocytes separation using Ficoll (Biochrom) density gradient centrifugation.

*T-Cell Separation*

T-lymphocyte cells (CD4^+^) were purified with anti-CD4 magnetic beads and Detach-a-Bead Abs according to the manufacturer's instructions. CD4^+^CD25^+^ cells were purified by MACS (Miltenyi Biotec Miltenyi Biotec GmbH, Germany, 2006). Purity of sorted cells was \>97%.

*Streptococcus Pyogenes Group a Isolation*

Twenty throat swab samples were obtained from patients with tonsillitis in AL-Kadhimya Teaching Hospital Baghdad, Iraq for bacterial isolation using the method of Collee and colleagues.^[@B10]^

*Extraction of M Protein*

Two hundred and fifty ml of brain heart infusion broth was inoculated with the isolated bacteria and then incubated overnight at 37 °C. M protein was extracted using the method of Hafez and colleagues.^[@B11]^ The protein content of the extracted material was determined using Lowry method.^[@B12]^

*In Vitro T Cell Proliferation Assay*

For *in vitro* T cell proliferative responses, T cells were purified using a MACS Pan-T cell isolation kit (Miltenyi Biotec). Cells were then cultured in 0.2 ml of standard culture medium using RPMI-1640 with L-glutamine (USBiological, USA), fetal calf serum 10%, and lymphocult-T-HP (Human IL-2) at a density of 2×10^5^ cells/well in 96-well plates (Costar). Isolated peripheral blood naturally occurring CD4^+^CD25^+^ regulatory T cells and CD4^+^ T cells were cultured in isolated and mixed cell culture systems with and without the addition of extracted streptococcal M protein. The protein (5 µg/ml) was added under full sterilized conditions, and the plates then, incubated for 7 days at 37 ºC in a humidified CO~2~ incubator. Before and during the incubation period on days 0, 3, 5, and 7, the cells number was detected by using immunoflouresence technique, fluorescence microscope and fluorescence labeled anti CD4^+^ monoclonal antibodies and PE labeled anti CD25^+^ monoclonal antibodies. The percentage of positive cells was determined using the following equation.

Percentage of positive cells=The number of positive cells /The number of total cells ×100

The cells\' viability was detected using trypan blue stain. Then the cell culture suspension was centrifuged at 3000 rpm for 10 minutes.

*Cytokine Quantification*

Supernatants of *in vitro*differentiated cells were analyzed for cytokines using human tumor necrosis factor-a (TNFa) and interlukin (IL-4) ELISA Kits (Bio-Source Europe, S.A.)

*Statistical Analysis*

The correlation coefficient (r) was also calculated as a quantitative measure of the association between the mean percentages of CD4^+^ T cells and CD4^+^CD25^+^ nTreg cells among different study groups.

The correlations between the mean percentages of nTregs and TNF-α with that of the mean percentages of CD4^+^ T cells were analyzed by using Spearman's rank correlation test. Also, Spearman's rank correlation test was used to analyze the correlation between the mean number of the proliferated cultured nTregs and CD4^+^ T cells with and without the stimulation of streptococcal M protein in isolated and mixed cultures. The statistical analysis was performed using Statistical Package for Social Sciences (SPSS version 10.01) and Microsoft Excell 2003. A *p* value of less than 0.05 was considered as the level of statistical significance.

Results
=======

In the isolated cell cultures, the values of correlation coefficient showed a highly significant positive correlation (r=0.754, P\<0.01) between the number of the cellular proliferation for both nTregs and CD4^+^ T cells with or without M protein stimulation, which was recorded by immunoflouresence technique on days 0, 3, 5 and 7 of incubation ([figure 1](#F1){ref-type="fig"}).

![The number of nTregs and CD4^+^ T cells in the presence and absence of M protein in isolated cell culture system on days 0, 3, 5, and 7 of incubation](IJMS-36-122-g001){#F1}

A highly significant negative correlation was found between the mean number of nTregs and CD4^+^ T cells in mixed culture system in the absence of M protein (r=-0.995) ([figure 2](#F2){ref-type="fig"}), However, there was a positive insignificant correlation between the mean number of nTregs and CD4^+^ T cells in the presence of M protein which showed (r=0.353) (P\>0.05).
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Results obtained from the ELISA test (optical density values) revealed that there was no significant difference among all cell cultures in terms of IL-4 production ([table 1](#T1){ref-type="table"}). Tumor necrosis factor-α was produced in higher concentrations in the culture supernatants when compared with IL-4. The cultures of patients number one, 4, 6, and 7, which were incubated with nTregs exhibited lower TNF-α concentrations. However, patients number 2, and 5 showed high TNF-α concentrations in the presence of nTregs (288.790 pg/ml and 742.889 pg/ml), respectively. When compared with cultures not exposed to nTregs, a highly significant positive association (P\<0.01) was found between them. Also, in spite of stimulation with streptococcal M protein, TNF-α was produced in a low concentration (4.556 pg/ml) in CD4^+^ T cell culture.

Discussion
==========

This study describes the proliferation of the human nTregs against streptococcal M protein-activated CD4^+^ T cells from peripheral blood of patients with chronic RHD. The mechanism of action by which nTregs so effectively inhibit the proliferation of CD4^+^ T cells is by producing regulatory cytokines. The findings of the study revealed that streptococcal M protein has the ability to activate the proliferation of both CD4^+^ T cells and nTreg cells to various degrees. Previous studies observed that M protein-specific T-cell clones generated from peripheral blood of patients with chronic RHD and healthy individuals were cross-reactive with heart proteins. As a result of activation, CD4^+^ T cells begin to secrete cytokines. Also, the results showed that the isolation and culturing of nTregs from human peripheral blood were able to totally inhibit cytokine secretion when co-cultured with CD4^+^ T cells. The immunoflourescence staining of CD4^+^CD25^+^ nTreg cells showed significant increases in the number of such cells when cultured with M protein activated CD4^+^ T cells. Patients with RHD may have a higher number of precursors of heart-reactive T cells or a pool of memory T cells capable of recognizing specific heart autoantigens. This pool may further be expanded following re-exposure to streptococcal antigens. The link between the stimulation with streptococcal M protein and the development of T cells with the capacity to kill myocardial cell lines has been reported.^[@B13],[@B14]^ In addition, it has been demonstrated that after exposure to different M protein, generated T cell lines recognize heart proteins.^[@B11]-[@B15]^ The findings of the resent study may raise the possibility that more than one antigen of group A streptococcus (GAS) and/or more than one cross-reactive heart autoantigen is involved in the pathogenesis of RHD.^[@B16]^ Therefore, further studies examining cellular and humoral immune responses in patients with RHD to specific heart proteins before and after stimulation with specific antigens derived from rheumatogenic strains of GAS will undoubtedly shed light on the mechanism of pathogenesis of the disease.

###### 

The concentrations of TNF-α and IL-4 in supernatants from M protein-stimulated CD4+Tcells and CD4+T cell/naturally-occurring regulatory T cells (nTregs) cultures

  **Patient's No.**   **Culture type**                   
  ------------------- ------------------ ----- --------- -----
  1                   422.556            \<4   152.678   \<4
  2                   4.556              \<4   288.790   \<4
  3                   809.772            \<4   879.001   \<4
  4                   280.576            \<4   51.767    \<4
  5                   517.600            \<4   742.889   \<4
  6                   665.446            \<4   167.932   \<4
  7                   441.330            \<4   25.952    \<4

\*MP=M Protein.

This study displayed that there was very little or no secretion of IL-4 from CD4^+^ T cells, and that the low IL-4 secretion was related to low suppressive activity of nTregs. Therefore, any reduction in the production of this cytokine may affect the suppressive function of nTregs against CD4^+^ T cells leading to more damage to the heart especially the mitral valve. This appeared visible in the significant correlation between positive/negative IL-4 cells and the extent of histopathological abnormalities (odds ratio=4.5, data are not shown). Other studies also suggest that the anti-inflammatory function of IL-4 could partly be mediated by its effects on nTregs function. Therefore, any reduction in the production of this cytokine may affect the suppressive function of nTregs against CD4^+^ T cells.^[@B17]-[@B19]^ Thus, more damage will affect the heart valves due to the lack of nTreg cells at the inflammatory sites in the heart tissues. Results showed that cultured cells produced high levels of TNF-α in culture supernatant ([table 1](#T1){ref-type="table"}). These results may correlate with that. TNF-α is the main mediator of inflammatory processes in RF and RHD in response to GAS antigen especially M protein. Many studies suggest that streptococcal M protein interacts with TLR-2 on human peripheral blood monocytes. As a consequence of monocytes activation by M proteins, monocytes express the cytokines IL-6, IL-1β, and TNF-α.^[@B20]^ Another study,^[@B21]^ found that TNF-α inhibited the suppressive function of both naturally occurring CD4^+^CD25^+^ Tregs and transforming growth factor--beta1 (TGF-β1)-induced CD4^+^CD25^+^ T-regulatory cells. Thus, our results revealed that the impairment of the function of nTreg cells and the development of heart damage in RHD patients may occur in two pathways. First, TNF-α can inhibit nTreg cells during the acute stage of rheumatic myocarditis and in the recurrent inflammatory attacks during the chronic stage. Secondly, the low amount of IL-4 in chronic rheumatic myocarditis will alter the nTreg cells under certain conditions, or other cytokines like B cell activation factor of the TNF family (BAFF) can play a role. BAFF-expanded CD4^+^CD25^+^Foxp3^+^ regulatory T cells (Tregs) were consistent with an ability to home to inflammatory sites and prevent T cell effector responses.^[@B22]^ Therefore, autoimmune rheumatic myocarditis process will depend to a great degree on cellular immunity rather than humoral immune response. The very important role for nTreg cells in reversing this autoimmunity will take place to further directions towards the prevention of rheumatic myocarditis.

Conclusion
==========

The findings of this study revealed that streptococcal M protein has the ability to stimulate both of CD4^+^ T cells and CD4^+^CD25^+^ nTreg cells. It caused the proliferation of both cells and the production of TNF-α from CD4^+^ T cells. Moreover, the findings show that M protein has an inhibitory effect on expanded CD4^+^CD25^+^ nTreg cells function resulting in the inability of CD4^+^CD25^+^ nTreg cells to suppress the autoreactive CD4^+^ T cells, which play the major role in the development of rheumatic heart damage. Also, the findings may reinforce the role of streptococcal M protein in the pathogenesis of RHD.
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